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SPECIFICATION 



METHOD FOR PRODUCING MOLDED ARTICLE OF MODIFIED 




POLYTETRAFLUOROETHYLENE BY JOINING 



1 FIELD OF THE INVENTION 
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The present invention relates to a method for producing a 
molded article of a modified polytetraf luoroethylene (hereinafter 
referred to as "modified PTFE") by joining. In particular, the 
present invention relates to a method for producing the molded 
article of a modified PTFE by sintering the premolded parts of 
the modified PTFE to join them together at their abutting faces. 
PRIOR ART 

A method is known to produce the molded article of a modified 
PTFE, which comprises heating and press-bonding two or more molded 
parts of a modified PTFE (see Hostaflon Information 21 (August, 
1983) published by Hoechst AG) . However, this method has 
drawbacks such that a material loss is large since parts are 
produced by cutting, and that faces to be bonded should be 
processed so as to be smooth. Furthermore, in this method, it 
is difficult to control pressure during press-bonding, and thus 
defective products tend to be produced due to too high or low 
pressures. 

JP-B-63-67808 discloses the bonded product of the molded 
articles of a modified PTFE. However, the articles are bonded 
by heating and press -bonding. That is, the articles are bonded 
by heating while applying external pressure. This method may be 
suitable for bonding thin articles such as sheets or films, but 
tends to produce defective products due to too high or low 
pressures when thick articles are bonded by this method, like in 
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the case of the above method described in the brochure of Hoechst 
AG* 

JP-A-55-57429 discloses a method comprising inserting a 
center mold in a tubular mold, placing cap molds at the top and 
5 bottom of the tubular mold, and bonding the both edges of a PTFE 
sheet in a space formed by the molds with expansion pressure of 
the sheet. This method requires a set of premolding molds and 
molds for expansion bonding for each size of a product, and is 
industrially disadvantageous as a method for producing various 
10 kinds of products. Furthermore, the molds should be sealed since 
the method utilizes the expansion pressure . Therefore, the steps 
of the method become very complicated as a whole. 

Furthermore, when a thick wall container having a bottom 
and a sidewall is produced, a method is known, which comprises 



Hf 15 filling a modified PTFE powder in a mold and pressing it while 

tf) heating. However, the compression distance is short at the bottom, 

while the distance is long at the sidewall. Thus, cracks may be 
formed at parts near the interface between the bottom and the 
sidewall, so that good molded articles are not produced. 
20 SUMMARY OF THE INVENTION 

One object of the present invention is to provide a method 
for producing the molded article of a modified PTFE by joining, 
in which bonded parts have sufficient bond strength even in the 
case of a thick wall article, and which overcomes the above* 
25 described drawbacks of the prior art. 

Another object of the present invention is to provide a 
method for producing the molded article of a modified PTFE by 
joining, which can suppress the production of defective articles, 
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improve the dimensional accuracy of the article, and decrease the 
material loss due to the production of parts by cutting. 

A further object of the present invention is to provide a 
method for producing the molded article of a modified PTFE by 
5 joining, which includes simplified operations to join the parts 
of a modified PTFE, and greatly improves the productivity, 
particularly in the mass production. 

Accordingly, the present invention provides a method for 
producing the molded article of a modified PTFE by joining 
10 comprising the steps of: 

providing at least two premolded parts of modified PTFEs 
having different coefficients of thermal shrinkage with allowing 
their joining faces to be in contact each other or to be closely 
placed, and 
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*S 15 sintering the parts to join them at the joining faces 



In one preferred embodiment, the joining of the parts at 
their joining faces is carried out without the application of an 
external pressure. 

In general, a premolded part has a coefficient of thermal 
20 shrinkage in the range between 0.2 and 10 %, and the difference 
of the coefficient of thermal shrinkage is from 0 . 2 to 9. 8 % between 
two premolded parts which are adjacently placed. 

In other preferred embodiment, at least one premolded part 
is surrounded by another premolded part having a larger 
25 coefficient of thermal shrinkage than that of at least one 
premolded part. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the relationship of a premolding 
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pressure and a coefficient of shrinkage of the outer diameter of 
tubular premolded parts of the modified PTFEs having different 
particles sizes, which are used in Example 1. 

Fig. 2 is a graph showing the relationship of a premolding 
pressure and a coefficient of shrinkage of the outer diameter of 
the tubular premolded parts of modified PTFE, which is used in 
Example 2 . 

Fig. 3 is a graph showing the relationship of a premolding 
pressure and a coefficient of shrinkage of the outer diameter of 
the premolded parts of modified PTFEs having different particles 
sizes, which are used in Example 3. 

Fig. 4 is a graph showing the relationship of a premolding 
pressure and a coefficient of shrinkage of the outer diameter of 
the premolded parts of modified PTFEs having different particles 
sizes, which are used in Example 4. 

Fig. 5 is a graph showing the relationship of a premolding 
pressure and an outer-diameter shrinkage factor of the premolded 
parts of modified PTFEs having different particles sizes, which 
are used in Example 5. 

DETAIELD DESCRIPTION OF THE INVENTION 



(The term "modified PTFE" intends to mean a copolymer of 
tetraf luoroethylene and a small amount of one or more of the 



Examples of the modifier monomers for PTFE include 
fluorine-containing unsaturated monomers other than TFE, such as 
a fluoroalkyl vinyl ether of the formula: 

X(CF 2 ) n OCF=CF 2 

wherein X is a hydrogen atom, a fluorine atom or a chlorine atom, 



following modifier monomers 
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and n is an integer of 1 to 6, or the formula: 

C 3 F 7 (OCF 2 CF 2 CF 2 ) JOCF <CF 3 ) CF 2 ] 1 OCF=CF 2 
wherein m and 1 are each an integer of 0 to 4, provided that they 
are not 0 (zero) at the same time; 
5 CF 3 -CF=CF 2 , CF 2 =CFH, CF 2 =CFCl, CF 2 =CH 2 ; an unsaturated compound of 
the formula: 

RfCY=CH 2 

wherein Rf is a linear or branched polyf luoroalkyl group having 
p 3 to 21 carbon atoms, and Y is a hydrogen atom or a fluorine atom; 

U 10 and the like. 

s . 

Such a modifier monomer is usually used in an amount of 0, 01 

fi.l 

to 1.0 wt. % of the weight of TFE. 

In the present invention, modified PTFE can be used in the 
form of an as-polymerized powder, or in the form of granules which 
15 are obtained by granulating such a powder. Herein, the powders 
and granules of modified PTFE are collectively called "modified 
PTFE powder" . 

Furthermore, it is possible to disperse suitable amounts 
of various fillers in a modified PTFE powder. Examples of such 
20 fillers are glass fiber, graphite fiber, carbon fiber, bronze 
powder, etc. In addition, other conventional additives may be 
compounded in a modified PTFE powder. 

The method of the present invention is particularly useful 
to produce a molded article in which one part (first part) 
25 surrounds the other part (second part) , for example, a container 
having a bottom and a sidewall surrounding the bottom, an article 
having a solid or hollow cylindrical body and^a flange surrounding 
such a body, etc. 
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In the method of the present invention, the parts of modified 
PTFE can be joined without the application of external pressure. 
However, the supplemental application of external pressure is not 
excluded from the present invention. 

According to the production method of the present invention, 
in the case of the above-described article in which one part (first 
part) surrounds the other part (second part) , when the second part 
has a smaller coefficient of thermal shrinkage than that of the 
first part, the first part shrinks in a greater degree than the 
second part in the sintering step (heating and subsequent cooling) 
in the production method, so that a sufficient force maybe exerted 
at their joining faces, and thus the parts can be bonded at their 
joining faces. 

The premolded parts of modified PTFE used in the method of 
the present invention may be film-form, sheet-form, block-form 
or any other form premolded parts, which are produced by 
compression molding, or any other suitable molding methods. The 
shapes of premolded parts may be suitably selected according to 
the shapes of final molded articles. 

Conditions for the production of the premolded parts of 
modified PTFE are selected from the same ranges as those of the 
conventional methods. That is, a temperature is less than the 
melting point of modified PTFE, a pressure is one such that 
modified PTFE powder particles are well adhered at a given 
temperature to form an integral premolded part. 

Two or more premolded parts of modified PTFE having 
different coefficients of thermal shrinkage can be obtained by 
various methods. 




Typical methods are explained. For example, parts having 
different coefficients of thermal shrinkage can be obtained by 
separately premolding two or more modified PTFE powders having 
the same molecular weight but different particle sizes under the 
5 same conditions. £ln general, a premolded part has a smaller 
coefficient of thermal shrinkage, as a particle size of a modified 
PTFE powder is made largerTj[ 
^jO^ \1 \*o ° re more P remolded parts having different coefficients 
of thezkal shrinkage can be obtained by premolding the same 

10 modified PTFE powder under different pressures. In general, a 
premoldek part has a smaller coefficient of thermal shrinkage, 
as a pressure is higher. 

Alternatively, premolded parts of modified PTFE having 
different coefficient of thermal shrinkage can be obtained under 

15 the same premolding conditions from an as-polymerized modified 
PTFE powder, and a granulated product of such a modified PTFE 
powder. In general, a premolded part made from the granulated 
product has a smaller coefficient of thermal shrinkage than one 
made from the ungranulated modified PTFE powder. 

20 Herein, "a coefficient of thermal shrinkage" (%) is a 

coefficient of thermal shrinkage of an outer diameter of a 
disk-form molded article having a thickness of 7 mm molded with 
a mold having an inner diameter of 65 mm, after sintering. The 
coefficient of thermal shrinkage of an outer diameter is 

25 calculated according to the following formula: 
Coefficient of thermal shrinkage (%) = 

[(inner diameter of mold (65 mm)) - (outer diameter of sintered 
disk (mm) )/ (inner diameter of mold (65 mm))] x 100 
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A disk-form molded article is produced by supplying 50 g 
of modified PTFE powder in a mold, increasing a pressure at a rate 
of 25 - 30 mm/min. at room temperature, and pressurizing the powder 
under 300 kgf/cm 2 for 5 minutes, and sintered by heating the disk 
5 up to 360°C at a heating rate of 50°C/hr., maintaining the disk 
at 360°C for 6 hours, and then cooling to 100°C at a cooling rate 
of 50°C/hr. 

The size of the disk-form article is measured after keeping 
II it at room temperature for 8 hour or longer. 

10 In the present invention, the coefficient of thermal 

Jj'J shrinkage of a premolded part of modified PTFE is preferably in 

J;* the range between 2 % and 10 %, more preferably m the range between 

!^ 0.5 % and 2.0 %. 

ffj The difference of the coefficient of thermal shrinkage of 

fLI 15 a pair of adjacently placed premolded parts of modified PTFE is 

preferably in the range between 0.2 % and 9.8 %, more preferably 
in the range between 0.4 % and 1.0 %. 

Premolded parts can be bonded by providing them with 
allowing their joining faces to be in contact each other or to 
20 be closely placed, and sintering them. 

Herein, the phrase "allowing joining faces to be closely 
placed" means that the joining faces are separated at a distance 
at which the joining faces can be bonded in the sintering step 
by the difference of a coefficient of thermal shrinkage between 
25 premolded parts. 

The upper limit of a sintering temperature is not limited. 
However, too high temperature causes the thermal decomposition 
of modified PRFE. Thus, a sintering temperature is less than the 




thermal decomposition temperature of modified PTFE. Heating and 
cooling rates can be suitably adjusted by conventional methods. 

A heating time is not limited. Premolded parts are heated 
for a period of time sufficient for shrinking the parts to bond 
5 the joining faces of the parts with sufficient strength. 

According to the bonding method of the present invention, 
the joining faces of parts can be strongly bonded even when the 
parts have a large thickness. Thus, the production of defective 

w 

yj articles is decreased, the dimensional accuracy of a molded 

Vrf 

H 10 article increases, and material loss due to the production of parts 
flj by cutting can be decreased. 

f(| The method of the present invention improves the 

£3 productivity, particularly in mass production, since the * 

15 

p production of articles can be repeated by very simple procedures 

fi'i 



15 once the combination of two or more modified PTFE powders having 
different coefficients of thermal shrinkage is selected, and then 
specific molding conditions suitable for such a selected 
combination are fixed, when the molded articles of modified PTFE 
having a certain shape and certain sizes are produced. 
20 EXCAMPLES 

The present invention will be illustrated by the following 
examples. 

Example 1 

1) NEW POLYFLONM-112 (modified PTFE available from Daikin 
25 Industries, Ltd.) was ground and sieved to obtain two kinds of 
modified PTFE powders having an average particle size of 28 pm 
and 55 ]m, respectively. Average particle sizes were measured 
with a laser beam diffraction type (dry type) particle size 
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distribution analyzer (manufactured by SYNPATEC) . 

Each powder was compression molded at 25°C under a pressure 
of 150/ 200, 250, 300 and 350 kg/ cm 2 to obtain a tubular premolded 
part having an outer diameter of 100 mm, an inner diameter of 50 
5 mm and a height of 50 mm* 

Each tubular article was heated at 360°C to sinter the 
modified PTFE. The tubular article shrunk in the radial direction. 
Fig. 1 shows a graph plotting a coefficient of thermal shrinkage 
of an outer diameter against a molding pressure. 
10 It can be understood from these results that an article 

produced from a modified PTFE having a smaller particle size has 
a larger coefficient of thermal shrinkage than one produced from 
a modified PTFE powder having a larger particle size, at any 
premolding pressure. 
15 2) The modified PTFE powder having an average particle size 

of 28 pm was molded under a pressure of 300 kg/cm 2 to obtain a 
tubular premolded part having an outer diameter of 100 mm, an inner 
diameter of 50 mm and a height of 70 mm. 

Separately, the modified PTFE powder having an average 
20 particle size of 55 vim was molded under the same pressure as above 
to obtain a disk-form premolded part having a diameter of 50 mm 
and a thickness of 15 mm. 

The disk-form premolded part was inserted in the lowest 
position of the hollow part of the tubular premolded part to 
25 provide a bottom, and the composite of the premolded parts was 
heated at 360°C for 6 hours without applying any external pressure 
around the periphery of the tubular article. 

After cooling, the tubular article and disk-form article, 
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which constituted the sidewall and bottom of the finished 
container, respectively, were fi irmly bonded, and the joined faces 
were watertight and airtight. 
Example 2 

5 1) NEW POLYFLON M-137 (modified PTFE available from Daikin 

Industries, Ltd. having an average particle size of 425 pm 
(measured according to ASTM D4894) was molded at 25°C under various 
pressures in a range between 100 and 500 kg/ cm 2 to obtain a tubular 
premolded part having an outer diameter of 100 mm, an inner 
10 diameter of 50 mm and a height of 50 mm, 

Each tubular article was heated and sintered at a 
temperature of from 340 to 390°C. The tubular article shrunk in 
the radial direction. Fig. 2 shows a graph plotting a coefficient 
J) of thermal shrinkage of an outer diameter against a molding 

15 pressure. 

It can be understood from these results that an article 
molded under a higher premolding pressure has a smaller 
coefficient of thermal shrinkage when the particle size is the 
same. 

20 2) The modified PTFE powder (NEW POLYFLON M-137) was molded 

under a pressure of 250 kg/cm 2 to obtain a tubular premolded part 
having an outer diameter of 100 mm, an inner diameter of 50 mm 
and a height of 70 mm. 

Separately, the same modified PTFE powder as that used in 
25 the above was molded under a pressure of 400 kg/cm 2 to obtain a 
disk-form premolded part having a diameter of 50 mm and a thickness 
of 15 mm. 

The disk-form premolded part was inserted in the lowest 
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position of the hollow part of the tubular premolded part to 
provide a bottom, and the composite of the premolded parts was 
heated at a temperature of 340 to 390 °C for 6 hours without applying 
any external pressure around the periphery of the tubular article. 

The tubular article and disk-form article, which 
constituted the sidewall and bottom of the finished container, 
respectively, were firmly bonded, and the joined faces were 
watertight and airtight. 

Example 3 

1) NEW POLYFLONM-111 (modified PTFE available from Daikin 
Industries, Ltd.) was ground and sieved to obtain two kinds of 
modified PTFE powders having an average particle size of 31 jam 
(Powder A) and 55 pm (Powder B), respectively. An average particle 
size was measured with a laser beam diffraction type (dry type) 
particle size distribution analyzer (manufactured by SYNPATEC) . 

Each powder (50 g) was charged in a mold having an outer 
diameter of 95 mm, an inner diameter of 65 mm and a height of 60 
mm, compressed at 25°C at a compression rate of 25 to 30 mm/min., 
and maintained under a pressure of 200, 300 and 400 kg/cm 2 for 

5 minutes to obtain a disk-form premolded part. 

Then, the premolded part was heated from room temperature 
to 360°C at a heating rate of 50°C/hr., maintained at 360°C for 

6 hours, and cooled to 100°C at a cooling rate of 50°C/hr. After 
that, the premolded part was maintained at room temperature for 
8 hours or longer. The outer diameter of the disk was measured, 
and the coefficient of shrinkage of an outer diameter was 
calculated according to the above formula. The results are 
plotted in Fig. 3. 
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When a molding pressure is the same, the smaller particle 
size gives a larger coefficient of shrinkage of an outer diameter. 
When a particle size is the same, the higher molding pressure gives 
a smaller coefficient of shrinkage of an outer diameter* 
5 2) Powder B was molded under a pressure of 300 kg/ cm 2 to 

obtain a tubular premolded part having an outer diameter of 110 
mm, an inner diameter of 80 mm and a height of 100 mm. 

Separately, Powder A was molded under a pressure of 300 
kg/ cm 2 to obtain a disk-form premolded part having a diameter of 

10 80 mm and a thickness of 10 mm. 

The disk- form premolded part was inserted in the lowest 
position of the hollow part of the tubular premolded part to 
provide a bottom, and the composite of the premolded parts" was 
heated from room temperature to 360°C at a heating rate of 50°C/hr. , 

15 maintained at 360 °C for 8 hours, and then cooled to 100°C at a 
cooling rate of 50°C/hr., during which no external pressure was 
applied around the periphery of the tubular article. After this 
heating treatment, the composite molded article was maintained 
at a temperature of 23 to 25 °C for 8 hours. 

20 3) Water or acetone was poured in the hollow space of the 

article to check liquid-tightness . No leakage of water or acetone 
was observed. 

A circular film having a thickness of 250 pm was skived from 
the bottom of the molded composite article, and a rectangular 
25 sample having a width of 10 mm and a length of 30 mm was cut out 
from each of four areas, which were on four directions extending 
orthogonally each other from the center of the circular film and 
crossed the bonded line. The tensile properties of each sample 
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were measured with a strength-elongation measuring instrument 
(AGS 500D manufactured by Shimadzu Corporation) at a pulling rate 
of 100 mm/min. A tensile strength was from 152 to 189 kgf/cm 2 , 
and an elongation at break was from 280 to 330 %. The sample was 
5 broken at an air-chucked part, and no breakage was observed at 
the bonded part. 
Example 4 

1) Powders A and B obtained in Example 3 were granulated 
to obtain Granulated Powders C and D each having an average 

| !t J 10 particle size of 650 pun, which was measured according to ASTM 

Jj 1 ! D4894. 

Each Granulated Powder (50 g) was molded under the same 
conditions as those in Example 3 to obtain a disk-form article, 
£rt and the coefficient of shrinkage of an outer diameter was measured 

Hi 15 in the same manner as that used in Example 3. The results are 

shown in Fig. 4. 

When a molding pressure is the same, a smaller particle size 
gives a larger coefficient of shrinkage of an outer diameter . When 
a particle size is the same, a higher molding pressure gives a 
20 smaller coefficient of shrinkage of an outer diameter. 

2) A tubular premolded part having an outer diameter of 110 
mm, an inner diameter of 80 mm and a height of 100 mm was produced 
by the same method as that in the step 2) of Example 3 except that 
Granulated Powder D was used in place of Powder B. 

25 Separately, a disk-form premolded part having a diameter 

of 80 mm and a thickness of 10 mm was produced by the same method 
as that in the step 2) of Example 3 except that Granulated Powder 
C was used in place of Powder A. 



# 



15 

The disk-form premolded part was inserted in the lowest 
position of the hollow part of the tubular premolded part to 
provide a bottom, and the composite of the premolded parts was 
heated from room temperature to 360°C at a heating rate of 50°C/hr., 
5 maintained at 360°C for 8 hours, and then cooled to 100°C at a 
cooling rate of 50°C/hr., during which no external pressure was 
applied around the periphery of the tubular article. After this 
heating treatment, the composite molded article was maintained 

? !: % 

Jji at a temperature of 23 to 25°C for 8 hours. 

h t l 

10 3) Water or acetone was poured in the hollow space of the 

a! 

article to check liquid-tightness . No leakage of water or acetone 
i"! was observed. 

Four rectangular samples were cut out from the bottola of 
*l the molded article in the same way as that in the step 3) of Example 

15 3, and the tensile properties of each sample were measured* A 

%\.* 

& tensile strength was from 155 to 157 kgf/cm 2 , and an elongation 

at break was from 210 to 220 %. The sample was broken at an 
air-chucked part, and no breakage was observed at the bonded part . 
Example 5 

20 1) NEW POLYFLONM-111 (modified PTFE available from Daikin 

Industries, Ltd. having an average particle size of 33 ym (measured 
with a laser beam diffraction type (dry type) particle size 
distribution analyzer)) (85 wt. parts) and glass fiber 
(manufactured by NIPPON SHEET GLASS CO. , LTD. ) (15 wt. parts) were 

25 mixed (Powder E) . 

Powder E was granulated to obtain a granulated powder having 
an average particle size of 650 ym (Granulated Powder F) . The 
average particle size of the granulated powder was measured 
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according to ASTM D4894. 

Each powder (50 g) was molded under the same condition as 
those in Example 3 to obtain a disk-form article, and its 
coefficient of shrinkage of an outer diameter was measured in the 
5 same way as that in Example 3, The results are shown in Fig. 5. 
When a molding pressure is the same, a smaller particle size gives 
a larger coefficient of shrinkage of an outer diameter, even if 
glass fiber is added to a powder. When a particle size is the 
same, a higher molding pressure gives a smaller coefficient of 
H 10 shrinkage of an outer diameter. 

2) A tubular premolded part having an outer diameter of 110 
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mm, an inner diameter of 80 mm and a height of 100 mm was produced 
by the same method as that in the step 2) of Example 3 except that 
CP Granulated Powder F was used in place of Powder B, and the molding 

**# 

fU 15 pressure was changed to 400 kg/cm 2 . 

u;| Separately, a disk-form premolded part having a diameter 

of 80 mm and a thickness of 10 mm was produced by the same method 
as that in the step 2) of Example 3 except that Granulated Powder 
E was used in place of Powder A, and the molding pressure was changed 

20 to 400 kg/cm 2 . 

The disk-form premolded part was inserted in the lowest 
position of the hollow part of the tubular premolded part to 
provide a bottom, and the composite of the premolded parts was 
heated from room temperature to 360°C at a heating rate of 50°C/hr., 

25 maintained at 360°C for 8 hours, and then cooled to 100°C at a 
cooling rate of 50°C/hr., during which no external pressure was 
applied around the periphery of the tubular article. After this 
heating treatment, the composite molded article was maintained 



at a temperature of 23 to 25°C for 8 hours. 

3) Water or acetone was poured in the hollow space of the 
article to check liquid-tightness . No leakage of water or acetone 
was observed. 



